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57) ABSTRACT 
A holographic display and method for displaying holo 
gram are disclosed. The method and apparatus provides 
a compact display arrangement in which the light 
source for illuminating the display is integral with the 
display, or in other words, an external light source is not 
necessary. The hologram utilized in the display is 
formed as a rainbow hologram, with a converging ref. 
erence beam utilized in forming the diffraction grating 
upon the holographic plate. The display includes a pair 
of spaced transparent glass sheets, with the light source 
disposed between the glass sheets. The holographic 
plate formed with the converging reference beam is 
then mounted upon one of the glass sheets, with the 
light source illuminating the holographic plate with 
diverging illumination light. A mirror is associated with 
each of the transparent glass sheets at a location adja 
cent to the light source, with the reflective surfaces of 
the mirrors facing each other. Thus, the light from the 
light source is reflected by the mirrors and the transpar 
ent sheets, and impinges upon the holographic plate to 
provide the diverging illumination light. The method 
and apparatus provides a compact integrated holo 
graphic display. 

17 Claims, 4 Drawing Sheets 
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NTEGRATED RAINBOW HOLOGRAM 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The invention relates to a method and apparatus for 

forming and displaying rainbow holograms. In particu 
lar, the invention provides a hologram arrangement 
which can be displayed by a light source contained 
within the hologram display unit. 

2. Discussion of the Background 
Holograms are widely used for a variety of purposes 

including information displays and/or amusement de 
vices. Holograms advantageously provide a three-di 
mensional display, with the image being displayed in 
cluding the appearance of depth. 
One type of hologram is referred to as a rainbow 

hologram. A rainbow hologram is typically a white 
light viewable hologram which is conventionally 
formed as shown in FIG. 1. As schematically shown in 
FIG. 1, a previously formed original hologram, often 
referred to as H1, is utilized for forming a holographic 
image on a second holographic plate, dften referred to 
as H2. In forming the second hologram H2, the light 
source 20 illuminates the original or master hologram 
H1, often via mirrors 60, 62, 64 and a beam splitter 61, 
such that the light source also provides a reference 
beam directly upon the second holographic plate H2. 
As shown, H1 is typically disposed at approximately a 
45° angle with respect to the direction of the illumina 
tion light, with H2 parallel to H1. However, in forming 
the rainbow hologram, only a slit of the original holo 
gram H1 is allowed to illuminate the second holo 
graphic plate H2 for each illumination. Confinement of 
the illumination to a slit is achieved either by utilizing a 
slit beam produced, for example, by a cylindrical lens, 
or by masking the first holographic plate H1 with a 
mask M having a slit aperture, with the arrow A repre 
senting light emanating from the slit in the mask M. As 
a result, illumination of the second holographic plate H2 
not only reconstructs the image formed by illuminating 
H1, but also reconstructs the slit in space. 
As shown in FIG. 2, when this type of hologram is 

reconstructed using white light 56' to illuminate the 
second holographic plate H2, a plurality of recon 
structed images are formed, for example as shown at 65, 
66, 67 corresponding to red, green and blue recon 
structed images. Each of the reconstructed images will 
have a slit S therein such that a viewer must view the 
recorded object from an angle/position in which all 
three of the slits are aligned. If viewed from a position 
in which the slits are not aligned, the image will either 
not be visible, or may only be partially visible. Typi 
cally, a holographic display requires an external light 
source to reconstruct or illuminate the image. Such 
arrangements usually consume excessive amounts of 
space, and require precise positioning of the light source 
with respect to the hologram being displayed. This can 
severely restrict the applications for which a holo 
graphic display can be utilized, and when utilized, the 
display is often inconvenient. 

Accordingly, a holographic display system is desired 
which can allow for the display of a holographic image, 
while minimizing the space requirements for the dis 
play. The display with such a system should be able to 
conveniently and reliably display one or more holo 
graphic images. Preferably, such a display should also 
be capable of providing a high quality full or pseudo 
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2 
color holographic image, without requiring a great deal 
of space and/or coordination in mounting an external 
light source to illuminate the display. 

SUMMARY OF THE INVENTION 

Accordingly, one object of the present invention is to 
provide an integrated hologram display in which the 
light source for illuminating the hologram is self-con 
tained within the display unit. 
Another object of the present invention is to provide 

a holographic display system in which a hologram is 
formed which can be displayed by a self-contained 
display unit. 

It is another object of the present invention to pro 
vide a full color or pseudo-color holographic display 
arrangement which can be illuminated by a white light 
SOCe. 

It is a further object of the present invention to pro 
vide an improved holographic display device in which 
the hologram can be located on a front portion of the 
display, with the light source provided at a location 
behind the display, and further with the display de 
signed such that excessive heat build-up is prevented. 

It is another object of the present invention to pro 
vide a method for forming and displaying holograms, in 
which the hologram is formed such that it can be dis 
played in a compact, integrated display. 

It is a further object of the present invention to pro 
vide a holographic display which can sequentially dis 
play plural images from a single holographic plate, or 
which can simultaneously or sequentially illuminate 
plural plates in a single display. 

These and other objects and advantages are attained 
in accordance with the present invention in which a 
rainbow hologram is first formed utilizing a converging 
reference beam which is directed upon a second holo 
graphic plate (H2) while a slit of a first hologram (H1) 
is illuminated, such that a real image is formed on the 
second holographic plate with converging reference 
light. The rainbow hologram is then illuminated by a 
display device formed in accordance with the present 
invention, which utilizes a white light source for illumi 
nating the rainbow hologram. The display includes a 
white light source disposed between a pair of glass 
sheets, with aluminum mirrors provided for reflecting 
the light source such that it impinges upon the rainbow 
hologram as a diverging illumination light source. The 
mirrors also serve to dissipate heat, thereby preventing 
excessive temperatures within the display. 
BRIEF DESCRIPTION OF THE DRAWINGS 
A more complete appreciation of the present inven 

tion and many of the attendant advantages thereof will 
become readily apparent from the following detailed 
description, particularly when considered in conjunc 
tion with the drawings in which: 
FIGS. 1 and 2 respectively illustrate forming and 

display of a rainbow hologram; 
FIGS. 3A and B illustrate the method and apparatus 

for forming a rainbow hologram in accordance with the 
present invention; 

FIG. 4 illustrates an integrated rainbow hologram 
display arrangement in accordance with the present 
invention; and 

FIG. 5 illustrates additional optional features of a 
display device in accordance with the present inven 
tion. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 3A, an object 0 (a liberty bell for 
illustrative purposes) is provided which is desired to be 
displayed in a holographic display. First, a holographic 
plate H1 is provided for recording the object image. In 
forming the object image, the object is illuminated, and 
the light reflected from the object impinges upon the 
holographic plate H1. The wavefronts of the light re 
flected by the object are represented schematically in 
FIG. 3A as shown by arrows 2. Simultaneously, a colli 
mated reference beam, represented schematically at 4, 
impinges upon the holographic plate H1. The object 
beam 2 and reference beam 4 thus interfere with one 
another within the holographic plate and form an inter 
ference pattern or grating which accurately documents 
the wavefronts present during the recording process. 

In forming a white light viewable hologram or rain 
bow hologram, the hologram H1 is utilized as a master 
hologram, with the master hologram H1 then illumi 
nated by a conjugate illumination beam as illustrated 
schematically at 6 in FIG. 3B. The beam 6 is referred to 
as a conjugate beam since it is oriented at 180 with 
respect to reference beam 4 used in forming the master 
hologram H1. It should be noted that the orientation of 
H1 is the same in both FIGS. 3A and 3B. In other 
words, during formation of the master hologram H1 
(FIG. 3A), the reference beam 4 impinges upon one side 
of the plate, however, for illumination of H1 in forming 
H2 (FIG. 3B), the conjugate illumination beam illumi 
nates H1 from the opposite side. Thus, the illumination 
beam 6 is disposed at 180' with respect to H1 as com 
pared with the reference beam 4. 

In order to eliminate vertical parallax, the master 
hologram or H1 is illuminated only through an aperture 
or slit 8 of a mask 10. As a result, the master hologram 
H1 is illuminated, with the wavefronts of the illumi 
nated image schematically shown by arrows 12, which 
yield the appearance of a reconstructed real image rep 
resented at R. As shown in FIG. 3B, the holographic 
plate H2 is located between the master hologram and 
the location at which the reconstructed real image is 
formed. As a result, the hologram H2, when illuminated 
properly, provides an image in which the object which 
appears to be behind the plate H2. However, it is to be 
understood that H2 could also be formed such that the 
object appears partially in front and partially behind; or 
such that the image appears to be floating in front of the 
plate H2 when properly illuminated. Thus, the spacing 
between H1 and H2 (i.e. when forming H2) is artisti 
cally related to the image desired. 

Conventionally, in forming the rainbow hologram 
H2, a collimated reference beam (e.g. 61r in FIG. 1) 
simultaneously impinges upon the holographic plate H2 
as H1 is illuminated to form a reconstructed real image 
grating upon the holographic plate H2. However, in 
accordance with one aspect of the present invention, a 
converging reference beam is provided which impinges 
upon the plate H2 as the reconstructed real image holo 
gram is formed on the plate H2. In particular, the refer 
ence beam is first passed through a lens, for example a 
biconvex lens 14, such that the reference bean is in the 
form of a converging reference beam 16. As shown in 
FIG. 3B, the reference beam 16 is a converging beam 
which is incident upon the recording plate H2 with a 
high degree of inclination or in other words, the beam is 
steeply incident upon the recording plate H2. A colli 
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4. 
mated light source impinges upon the convex lens 14, 
with the lens 14 in turn providing the converging refer 
ence beam 16. 
As should be readily recognized, the pattern of light 

emanating from the convex lens 14 becomes smaller at 
distances farther from the lens 14, until the light ulti 
mately becomes a point at the focal point F. However, 
since the converging light 16 is a reference light source, 
the entire holographic plate H2 must be flooded with 
the reference light during formation of H2. Accord 
ingly, the lens 14 must be sized and spaced from the 
plate H2, such that the entire plate is provided with 
reference light. Thus, the size of the lens 14 will typi 
cally be on the order of twice the size of the plate H2. 

In accordance with one aspect of the present inven 
tion, by utilizing a steeply incident and strongly con 
verging reference beam in forming H2, the hologram 
can be reconstructed or illuminated with a highly diver 
gent and steeply incident white light source, such that a 
compact display arrangement is possible. 

FIG. 4 shows a side view of a rainbow hologram 
display device in accordance with the present invention 
in which the light source is integral with the display 
unit. In particular, the display unit includes a pair of 
transparent sheets, for example glass sheets 100, 102, 
with the hologram H2 mounted on a front portion of the 
front glass sheet 102. The holographic plate H2 can be 
disposed within a frame, or other suitable display ar 
rangement depending upon the intended use of the dis 
play. For example, the hologram can be merely framed 
as a work of artistic expression, or maybe associated 
with appropriate captions, for example in the context of 
an advertisement. 
For illuminating the display, a white light source 104 

is provided at a lower portion of the display. The power 
requirements for the light source are not excessive, and 
a 12 volt, 20 watt halogen light bulb has performed 
satisfactorily for this purpose. In addition, a pair of 
mirrors 106, 108 are disposed along lower portions of 
the respective glass sheets 100, 102. The mirrors 106, 
108 primarily reflect the light such that a diverging 
illumination beam impinges upon the hologram H2 to 
thereby illuminate the display. 

Preferably, the mirrors 106, 108 are aluminum mir 
rors such that they additionally perform a heat dissipa 
tion function. In particular, since the display is desired 
to be fairly small, in order to avoid excessive heating, 
the aluminum mirrors 106, 108 in contact with the glass 
sheets 100, 102 act to remove heat from the interior of 
the display, with the heat dissipated into the ambient. 
As a result, the interior of the display can be maintained 
at reasonable temperatures, for example 60' C. or less. 
As should be readily apparent from FIG. 4, the rear 

ward mirror 106 is slightly shorter than that of the 
frontward mirror 108. Such an arrangement prevents 
the possibility that a viewer will see the mirror 106 
when viewing the image at a viewer vantage point V. It 
is to be understood that, if desired, the mirrors 106, 108 
may extend over a greater portion of the glass sheets 
100, 102, and mirror 106 could even extend over sub 
stantially the entire glass sheet 100. Additional mirror 
area can increase the brightness of the display, however 
the image quality can deteriorate and the viewer may 
see their own image when looking into the display. 
The light source 104 thus provides a conjugate illumi 

nation beam in the form of diverging illumination light 
incident on a side of the plate H2 opposite to that upon 
which the converging reference light 16 impinged 
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(FIG. 3B). In order to minimize aberrations in the in 
age, the light source is preferably at a location, with 
respect to H2, which corresponds to the focal point F of 
the converging reference beam (FIG. 3B). More partic 
ularly, in positioning the light source 104, first an inci 
dent angle is determined by drawing a line from the 
center of H2 to the focal point F in FIG. 3B. Then, in 
determining the position of light source 104, a line can 
be drawn at this same incident angle, from H2 in FIG. 
4 back toward the glass sheet 100. From this point, the 
path continues along a zig-zag path which can be calcu 
lated based upon reflection laws as the light bounces off 
the glass sheets and mirrors. It should be noted, how 
ever, that the positioning of the light source in many 
applications may not b critical, since the human eye is 
typically able to accommodate aberrations and properly 
focus the image. Therefore, many aberrations will not 
be recognized to the ordinary observer. Proper posi 
tioning of the light source is beneficial however, since 
the images will be more comfortable or less fatiguing to 
the eye. N 

Preferably, the filament of the source 104 is as small 
as possible such that the light source approximates a 
point source, thereby improving the "spatial coher 
ence' of the display. Where a somewhat linear filament 
is utilized, the filament should extend perpendicular to 
the plane of H2 or, in other words, perpendicular to the 
glass sheets. The light from light source 104 thus 
bounces off mirrors 106, 108 and is refracted by glass 
sheets 100, 102 to provide diverging illumination light 
to the plate H2. 

Referring now to FIG. 5, additional optional aspects 
of the present invention will be described. FIG. 5 shows 
a view of the display from a side which a viewer would 
view displayed images. As shown in FIG. 5, the display 
can include a plurality of light sources, for example as 
shown at 104, 104a, 104b, 104c. The light sources can 
simultaneously illuminate plural plates, or may sequen 
tially illuminate different holograms formed on a single 
plate. For example, in sequentially illuminating different 
images on a single plate H2, the lower light source 104 
can be turned on to illuminate a first image of H2, with 
source 104 then turned off as source 104b is turned on to 
illuminate a second image of H2. In forming H2 in such 
an arrangement, the first image is formed as shown in 
FIG. 3B, with the second image thereafter similarly 
formed, however utilizing a converging reference beam 
coming from below the plate rather than above. Of 
course, the illumination sources 104, 104b should be 
properly positioned with respect to H2, and in a sequen 
tial illumination, H2 would likely be positioned more 
toward the center of the display. Third and fourth holo 
grams could also be formed on H2 and illuminated by 
sources 104a, 104c. 

Still referring to FIG. 5, the display of the present 
invention may also be utilized to simultaneously or 
sequentially illuminate additional plates shown in bro 
ken line at H2, H2". For example, the diverging illumi 
nation light from 104 can illuminate H2 to display an 
image, with 104a illuminating H2", and 104c illuminat 
ing H2'. This illumination can be simultaneous or se 
quential. Of course, the plates H2, H2", H2' are formed 
with converging reference beams such that the sources 
104, 104c, 104a provide conjugate diverging illumina 
tion light. The plural plates H2, H2', H2" can display 
different images, or may display the same image which 
is visible from different vantage points thereby increas 
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6 
ing the number of viewers which can see a displayed 
image at the same time. 
Thus, the present invention provides a compact inte 

grated rainbow hologram display arrangement which 
can provide full color or pseudo-color holographic 
displays, with the light source integral with the display. 
The display can utilize a relatively simple light source, 
yet will provide for reduced Rayleigh scattering as 
compared, for example, to edgelit hologram displays as 
developed by Benton. The Rayleigh scattering is in 
proved, since the refractive properties of the spaced 
glass sheets provide light which is less steeply incident 
upon the holographic plate even though the light source 
(104) at a steeply incident angle with respect to the 
hologram being illuminated (H2). 

Obviously, numerous modifications and variations of 
the present invention are possible in light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims, the invention may be 
practiced otherwise than as specifically described 
herein. 
We claim: 
1. A holographic display comprising: 
first and second spaced transparent sheets; 
a holographic plate mounted upon one of said sheets; 
first and second mirrors respectively overlying por 

tions of said first and second spaced transparent 
sheets such that reflective surfaces of the first and 
second mirrors are facing each other and wherein 
said first mirror is disposed on the same sheet upon 
which the holographic plate is mounted and is 
larger than said second mirror; and 

a light source disposed between said transparent 
sheets. 

2. The display of claim 1, wherein said mirrors are 
disposed adjacent to said light source. 

3. The display of claim 1, wherein said light source is 
a white light source. 

4. The display of claim 3, wherein said light source 
includes a halogen lamp. 

5. The display of claim 1, wherein said light source 
provides a diverging illumination light to the holo 
graphic plate. 

6. The display of claim 5, wherein said holographic 
plate includes a rainbow hologram formed therein. 

7. The display of claim 6, wherein said holographic 
plate includes a hologram formed utilizing a converging 
reference light. 

8. The display of claim 1, further including a plurality 
of light sources at different locations between the trans 
parent sheets for illuminating different images. 

9. The display of claim 8, wherein said holographic 
plate includes a plurality of holograms for forming a 
plurality of images, and said plurality of light sources 
can successively illuminate the plurality of images. 

10. The display of claim 8, wherein said display in 
cludes a plurality of holographic plates which are illu 
minates to form images by different respective light 
sources of said plurality of light sources. 

11. A method for providing holographic display com 
prising; 

providing first and second spaced transparent sheets; 
mounting a holographic plate upon one of said sheets; 
providing first and second mirrors respectively over 

lying portions of said first and second spaced trans 
parent sheets such that reflective surfaces of the 
first and second mirrors are facing each other, said 
first mirror being larger than said second mirror, 
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said first mirror being disposed on the same sheet 
upon which said holographic plate is mounted; and 

providing a light source disposed between said trans 
parent sheets for providing an illuminating light for 
the holographic plate. 

12. The method of claim 11, wherein the step of pro 
viding a light source includes providing a light source 
which illuminates the holographic plate with diverging 
light. 

13. The method of claim 11, wherein the step of pro- 10 
viding a holographic plate includes forming a rainbow 
hologram utilizing a converging reference light, and 
wherein the light source illuminates the holographic 
plate with diverging light which impinges upon the 
holographic plate from a side opposite to that upon 
which the converging reference light is directed. 

14. A method for providing a holographic display 
having a self-contained light source comprising; 
forming a hologram on a holographic plate utilizing a 

converging reference light; 
mounting said holographic plate upon a first transpar 

ent sheet; 
providing a second transparent sheet spaced from 

said first transparent sheet; 
disposing first and second mirrors over respective 

portions of each of said first and second transparent 
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8 
sheets such that reflective surfaces of said mirrors 
are facing each other, said first mirror disposed on 
said first transparent sheet being larger than said 
second mirror; and 

providing an illuminating light source between said 
first and second transparent sheets such that said 
light source provides a diverging illumination light. 

15. The method of claim 14, further including dispos 
ing said first and second transparent sheets in parallel 
relation to each other. 

16. The method of claim 14, wherein the step of utiliz 
ing a converging reference light includes providing a 
convex lens to form the converging reference light. 

17. A holographic display comprising; 
first and second spaced transparent sheets; a holo 

graphic plate mounted upon one of said sheets; 
first and second mirrors respectively overlying por 

tions of said first and second spaced transparent 
sheets such that reflective surfaces of the first and 
second mirrors are facing each other, said mirrors 
being aluminum mirrors such that the mirrors assist 
in dissipating heat from the display; and 

a light source disposed between said transparent 
sheets. 

s s 


